Hepatocyte apoptosis is a key event in nonalcoholic fatty liver disease (NAFLD), and serum apoptotic markers are emerging as surrogate markers for NAFLD. We studied the role of caspase-cleaved cytokeratin18 in the diagnosis of fibrosis in a cohort of 127 morbidly obese patients and also performed a review of the literature biomarkers of NAFLD and fibrosis. Here, we found that cleaved caspase 18 correlated with liver steatosis and liver injury as assessed by serum transaminase levels. Furthermore, hepatocyte apoptosis as assessed by cleaved CK18 and TUNEL staining correlated with the extent of fibrosis as assessed by Sirius Red staining and serum hyaluronic acid. These results underscore the important role of hepatocyte apoptosis in the pathogenesis of fibrosis in NAFLD, which led to the utilization of surrogate markers for apoptosis in the noninvasive diagnosis of NAFLD. We furthermore reviewed current literature of biomarkers of NAFLD and fibrosis.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in Europe and the US with a prevalence of up to 30% [1] . It is associated with obesity and diabetes and is thus considered to be the hepatic manifestation of the metabolic syndrome [2] . NAFLD ranges from simple hepatic steatosis, characterized by triglyceride accumulation in hepatocytes, to Nonalcoholic steatohepatitis (NASH), which may be associated with fibrosis and progression to cirrhosis or hepatocellular carcinoma [3] . While the diagnosis of NAFLD is based on histology and patients history, the increase in prevalence demands noninvasive methods for diagnosis and surveillance.
Hepatocyte apoptosis was identified as a key feature of NAFLD and correlates with disease severity [4] . Cytokeratin 18 (CK18) is an intermediate filament expressed in singlelayer epithelial tissues. During apoptosis, caspase-cleaved CK18 is released into the cytoplasm and released into the serum after cell death. Therefore, soluble forms of extracellular CK18 in the serum are utilized to quantify activity of cell death. Wieckowska et al. quantified cleaved CK18 fragments in patients with NAFLD and found a correlation with the occurrence of liver fibrosis and hepatic inflammation. [5, 6] The published results of a multicenter validation study by Feldstein et al. revealed CK18 fragments as a predictor of NASH versus simple steatosis [7] .
Hyaluronic acid is a glycosaminoglycan, distributed throughout epithelial tissues. Most of its disassembly takes place in endothelial liver cells. Because of the lack of function, fibrosis and cirrhosis lead to impaired clearance of hyaluronic fragments. Several studies could show a correlation between serum hyaluronic acid and fibrosis stage in chronic liver diseases, including NAFLD [8, 9] .
Here, we evaluated caspase-cleaved CK18 and hyaluronic acid as biomarkers for NAFLD and fibrosis in a cohort of 127 patients who underwent bariatric surgery and compared these results to the histological diagnosis, quantified by NAFLD-activity score (NAS), as established by Kleiner et al. [10] . In line with recent publications, we observed a clear correlation between caspase-cleaved CK18 and liver steatosis. It was noticed that high hepatocellular apoptosis rates 
Sample Preparation.
The degree of NAFLD was quantified according to the NASH Scoring System. NAS score of ≥5 was defined as NASH. CK18 serum levels and hyaluronic acid were assessed in the sera of patients and healthy controls using the M30-Apoptosense (Peviva, Bromma, Sweden) and hyaluronic acid (Wako Chemicals, Neuss, Germany) ELISA kits. The M30-Apoptosense assay detects a specific epitope of caspase-cleaved CK18, which will further be referred to as M30. All procedures were conducted according to the manufacturers' instructions.
Statistics.
All data shown are mean ± SEM, if not stated otherwise. Patients with and without NASH were compared regarding metabolic characteristics, transaminases, NAS, M30, and hyaluronic acid levels using independent samples t-tests (Mann-Whitney test). Medline research was performed in January 2011 with the search terms "serum markers NAFLD" [11] . Analyses were performed with with SPSS 15.0.1, Version 2006 (SPSS, Chicago, IL, USA) and Graph Pad, version 5.03 (Graph Pad, Graph Pad Software Inc., CA, USA).
Results

Patient Characteristics.
The clinical characteristics of the 56 patients with NASH (NAS ≥ 5) in comparison to 71 NAFL patients (NAS < 5) are stated in Table 1 . In patients with NASH, risk factors of the metabolic syndrome as triglycerides and fasting glucose were higher in comparison to patients with NAFL. However, there were no significant differences in between the two groups. (b)). Accordingly, serum transaminase levels were elevated in NASH patients (Figure 1(b) ). The artificial cut-off for M30 to predict NASH (275 U/L), established and validated by the Feldstein group, in our cohort corresponded with histological steatosis, but not lobular inflammation [7] . In serological NASH, ballooning and NAS score were only modestly elevated (Figure 1(c) ). However, alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels were significantly higher in patients with plasma levels of M30 ≥275 U/L, indicating hepatocellular damage, despite no histological signs of lobular inflammation (Figure 1(d) ).
Fibrosis in NAFLD Correlates with Apoptosis, Not with
Histological Features of NASH. Interestingly, about two-third of our cohort had stage-2 fibrosis (Figures 2(a) and 2(b) ). We did not find an increase in fibrosis score in patients with a NAS ≥ 5. However, morphometrically quantified liver collagen (Sirius Red) and serum hyaluronic acid were both elevated in histological NASH versus NAFL (Figures 3(a) , 2(e), and 2(f)). Advanced fibrosis was further associated with more TUNEL positive cells per visual field in liver sections, and serum hyaluronic acid was dramatically increased in patients with advanced fibrosis (Figures 3(b) , 2(c), and 2(d)). Accordingly, M30 levels were higher in patients with advanced fibrosis, while the NAS score was not different between the groups at all (Figure 3(c) ). This supports the above-mentioned observation that fibrosis is associated with hepatocellular apoptosis, rather than lobular inflammation. In this context, the number of TUNEL positive cells in livers was significantly correlated with the percentage of Sirius Red positive area in the visual field and M30 was significantly correlated with serum hyaluronic acid (Figure 3(e) ).
Discussion and Review
In our cohort of 127 morbidly obese patients, caspasecleaved CK18 correlated with hepatic steatosis but not lobular inflammation as assessed by histological scoring. Still, AST and ALT were significantly higher in patients with CK18 levels above the established cut-off for NASH, indicating a discrepancy between histological assessed inflammation and actual liver injury. Interestingly, the degree of fibrosis did not correspond to the NAS score, while a high apoptosis rate, as assessed by TUNEL staining in liver tissue and assessment of serum caspase-cleaved CK18, correlated with increased fibrosis. This is in line with recent publications, that hepatocyte apoptosis, rather than hepatic inflammation, is a key trigger of hepatic stellate cell activation and thus fibrogenesis [12, 13] . Taken together, our data indicate that biomarkers in NAFLD might reveal more information than standard histological scoring. In the following, we will review the emerging data on serum markers in NAFLD, a field that is continuously growing (Figure 3(f) ). To date, liver biopsy and histological assessment of liver steatosis, ballooning, and lobular inflammation in H&E staining remain the gold standard for diagnosis of NASH [10] . However, despite a low rate of overall complications, percutaneous liver biopsy remains an invasive procedure with the risk of potentially lethal hemorrhage and infections and is further complicated in the growing number of obese patients with NAFLD [14, 15] . Furthermore, several studies suggested a relatively high rate of sample and interpretational errors [16] . Given the increasing prevalence of NAFLD, noninvasive markers for NAFLD are a promising approach not only for screening reasons. In 2006, Wickowska et al. quantified soluble caspasecleaved CK18 with a specific M30-ELISA and found a correlation with the histological staging in NAFLD patients [5] . This was validated by the same group and in a cohort of patients who underwent bariatric surgery, an M30-cutoff value of 275 U/L was established to discriminate simple steatosis from NASH [7, 17] . We and others were able to show that M30 correlates with fatty acid transporter expression in liver tissue and specific fatty acids in the serum [18, 19] . In a cohort of patients with polycystic ovarial syndrome, we could identify a high rate of patients with NASH utilizing this assay [20] . Lately, the Feldstein group enhanced sensitivity and specificity of NASH detection by detection of soluble FAS and FAS ligand additional to M30 and established an apoptotic index in the noninvasive diagnosis of NASH [21] .
As mentioned above, we found not only a correlation of M30 with hepatic steatosis but also a good correlation between the apoptosis rate and markers for fibrosis in our cohort, which is in line with observations from other groups [22] . Hepatocyte apoptosis is known to activate hepatic stellate cells via formation of apoptotic bodies, which are either directly stimulating hepatic stellate cells or are engulfed by Kupffer cells, which in turn activate stellate cells [23, 24] . Noninvasive diagnosis of fibrosis in NAFLD is complicated by the high rate of obese patients compared to hepatitis C infection. Transient elastography, a method that accurately predicts fibrosis stage in hepatitis C patients, faces limitations in NASH patients, as accuracy is dramatically reduced in obese individuals [25] . Thus, serum biomarkers might be a promising alternative in NAFLD patients. Hyaluronic acid has been implied as a good biomarker for fibrosis and was correlated with the apoptosis rate in our cohort [9] . However, several multipanel tests are among the most promising in noninvasive diagnosis of fibrosis. These tests consist of different serum parameters, some even include assessment of hyaluronic acid and are validated in cohorts of hepatitis C patients but might as well be useful in patients with NAFLD, although validation studies still need to prove accuracy in this cohort [26, 27] .
Conclusion
Taken together, because of the nature of NAFLD and the increase in prevalence, there is an increasing demand for noninvasive markers of NAFLD and fibrosis. Since hepatocyte apoptosis is a key feature of NAFLD and also contributes to fibrogenesis, assessment of soluble markers of apoptosis appears to be a good alternative to liver biopsy in these patients. In fact, these methods might give better insight into the status and prognosis of liver disease than standard H&E assessment. However, especially fibrotic markers need further validation since the high rate of obesity might confound these tests.
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